further note that the measured broadside axial ratio is 1.83 dB at the low mode and 1.75 dB at the high mode and the coupling between the two feeding ports (S 12 ) is maintained less than 010 dB, all implying a good CP performance.
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IV. CONCLUSION
A novel proximity-fed stacked patch antenna was presented to cover all three GPS frequencies. The proposed antenna could also cover the E5a and E5b bands for the Galileo system. High permittivity materials were used to minimize the antenna size down to 1:2 00 2 1:2 00 (=8 at the L5 band). A key feature of our design was the L-shaped proximity-coupled feeding between the patches to increase bandwidth. Quadrature phase feeding using a 0 -90 hybrid was also employed to ensure RHCP radiation. The final design was fabricated and the measured gain and axial ratio were in good agreement with simulations. Certainly, the small size and wide pattern coverage make this element also suitable for GPS arrays and portable GPS applications. 
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I. INTRODUCTION
Dual frequency antennas are used in a variety of applications including satellite communications, global positioning systems, synthetic aperture radar and personal communications systems [1] - [3] . Coplanar waveguide (CPW) feeds are attractive for microwave integrated circuits (MICs) and monolithic MICs applications because of their uniplanar structure, the ease of making shunt and series connections and the wider degree of design freedom when compared to microstrip.
In this paper, the CPW is used to feed two double folded slot antennas of different lengths, resulting in dual band operation. These folded slot antennas are chosen because they are conformal, have low profile, and are easy to design.
The challenge of designing dual band antennas results from the need to match the antenna at both frequency bands. In a previous attempt, Omar and Antar [4] used seven matching stubs of different lengths to achieve matching at both frequency bands. In this paper, the proposed antenna is self-matched at both frequency bands without external matching circuit, which reduces the size, and considerably simplifies the design procedure.
Two techniques for self-matching are employed; in one technique, the folded slot dipole is matched by increasing the number of slots from two for a regular folded dipole to N . This would reduce the input impedance according to Babinet's principle as Z in = Z slot =N 2 [5] , where N is the number of slots. Therefore, matching is achieved by increasing the number of slots in a folded slot antenna so that the input impedance approaches that of the feed line.
In the second technique, use has been made of the study by [6] and [7] , which showed that lowering the impedance could be achieved by increasing the width of the slot arm that is farther from the feed. Hence, the width of one of the dipole arms is increased without changing any other dimension. The coplanar substrate chosen in this design is Alumina ("r = 9:6) with a thickness of 0.254 mm. The geometry of the antenna is shown in Fig. 1 .
The design procedure is as follows.
a) The feed line is designed using the moment method simulator IE3D (of Zeland Inc.) to be a 50 ohm line on an Alumina substrate of 0.254 mm thickness. Hence, the slot width (w) is chosen to be e) To obtain a better match at the upper resonant frequency, a third slot is added to the inner smaller folded dipole as shown in Fig. 1 resulting in a reduction of jS11j at the upper resonant frequency from 05.18 to 014.24 dB at 6.76 GHz. At the lower frequency, jS11j has worsened to 02.76 dB.
f) To obtain a better match at the lower resonant frequency, the width (w 0 ) of the outer slot of the larger folded dipole is increased in repeated steps, as shown in Table I . From this table, w 0 was chosen to be 0.85 mm. g) Matching at both frequencies can be further improved by shifting the center slot arm of the smaller folded dipole away from the feed. Hence, s 00 is increased while s 000 is decreased, as shown in h) After few repeated simulations using IE3D, it is found that increasing the length of L 0 to 18.46 mm, and decreasing the length of L to 11.26 mm result in more accurate resonant frequencies.
A. Measured and Simulated Results for Antenna on Alumina
The return loss was measured using the HP 8510 VNA and HP 2.4 calibration standards. A comparison between measured and simulated is shown in Fig. 3 . The return loss was obtained experimentally, using IE3D and the finite element simulator HFSS (of Ansoft Inc.). The results obtained are in very good agreement, which verifies the design. The 10 dB bandwidth at both frequency bands is about 5%.
The co-polarization and cross-polarization gain patterns of this an- 20 dBi lower than the co-polarization level. At 5.0 and 7.0 GHz, the antenna gain is about 3.5 dBi.
III. DESIGN 2 ON DUROID ("r = 2:2)
In this design, the chosen coplanar substrate is Duroid with a thickness of 3.18 mm and " r = 2:2. The geometry of the antenna is shown in Fig. 6 . The design procedure is similar to that in Section II. The outer folded slot dipole is a regular folded slot dipole with 2 slots arms each having a length of L 0 = 22:57 mm and a width of 0.15 mm. This dipole resonates at 4.7 GHz. The impedance of this dipole is about 128 . To match this antenna to the 70 feeding CPW (strip width = 1:7 mm and slot width = 0:3 mm), the width of the external slot arm of the dipole (w 00 ) is increased from 0.15 to 1.36 mm.
The difference between design 1 and 2 is that in the latter, the inner folded slot dipole consists of 2 slot arms only. Each arm has a length of 16.7 mm and a width of 0.15 mm. The width w 0 of the outer arm of the inner slot is increased from 0.15 mm to 0.35 mm for matching purposes. This dipole resonates at 7.1 GHz.
A. Measured and Simulated Results for Antenna on Duroid
The measured and IE3D simulated return loss of this antenna are illustrated in Fig. 7 . The two resonances are at 4.7 and 7.1 GHz with a measured return loss of 20 and 15 dB, respectively. The 10 dB bandwidth at both frequency bands is about 4%.
The measured gain patterns of this antenna in the E-plane (x 0 z plane) and H-plane (y 0 z plane) are shown in Figs. 8 and 9 for the two center frequencies of 4.7 and 7.1 GHz, respectively. At both fre- quencies, the gain is about 4.5 dBi and the cross polarization is about 20 dBi less than the co-polarization.
IV. CONCLUSION
A new dual band coplanar waveguide fed double folded slot antenna has been proposed which does not require external matching circuit. Using more internal slots inside the antenna, shifting the position of these slots, or increasing the width of one of the slot arms achieved matching at both frequency bands without significantly affecting the shape of the radiation pattern.
Two different designs on Alumina and Duroid were fabricated and measured. The experimental results are compared to those obtained using commercial full wave simulators with very good agreement. A full design procedure has been provided.
